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(54) Data rate matching method

(57) A rate matching method allowing reliable digital

communication is disclosed. After setting D = |n - m|

and Q = n/D , the input symbol string is sequentially

divided to produce D symbol strings each consisting of

either Q symbols or (Q+1) symbols so as to arrange the

input symbols in an arrangement of columns (C) and

rows (R). Then, after selecting a single symbol located

at a predetermined position for each of the D symbol

strings, the output symbol string is produced by deleting

the single symbol for each of the D symbol strings when
n > m or repeating the single symbol for each of the D
symbol strings when n < m.
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Description

[0001] The present invention generally relates to a

digital communication system, and in particular to a rate

matching method for producing an output string of m
symbols from an input string of n (rwn) symbols.

[0002] In the field of digital communication systems,

there have been proposed several rate matching meth-

ods for obtaining an output sequence of m symbols from

input sequence of n symbols. In the case of n > m, the

first (n-m) symbols of the input symbol string are

deleted to produce the output string of the remaining in

symbols. In the case of n < m, after repeating a top input

symbol (m-n+1 ) times, m symbols following the top

input symbol are output to produce the output string of

m symbols.

[0003] In the case of the symbol sequence encoded

with a convolution code, it is known that the original

information can be reproduced correctly, even If the

symbol sequence has been partly deleted, by inserting

dummy symbols into the imperfect symbol sequence at

the positions corresponding to the deleted symbols

when decoded. Such error-correction decoding is

allowed by the coding gain achieved by a convolution

code.

[0004] In general, many decoding systems are sus-

ceptible to error burst, and when a number of symbols

have been consecutively deleted as mentioned above,

they cannot fully exhibit the error correction capability.

[0005] On the other hand, in the case where the

same symbol is consecutively repeated, the energy of

the repeated symbol becomes large in equivalent by

using the energy of the repeated symbol effectively.

This may allow the error rate to be effectively reduced

around the repeated symbol. In the case of the convolu-

tion code, however, the reduction in error rate for sym-

bols more than the constraint length away from that

symbol cannot be expected at all.

[0006] To solve these problems to some extent,

there has been proposed a rate matching method con-

forming to an IMT-2000 scheme, which is now under

standardization by ARIB (Association of Radio Indus-

tries and Businesses). The details of this method are

described in "Volume 3, Specification of Air-Interface for

the 3G Mobile System Version 0.5". Hereafter, this

specification will be described briefly.

[0007] Assuming that an input symbol sequence is

denoted by SO, the number of input symbols thereof by

n, and the number of output symbols of an output sym-

bol sequence by m, a symbol-deletion rate matching

method (n > m) is performed according to the following

algorithm:

(a) j = 0, x = n , and. y = n - m ;

(b) go to step (c) when y is equal to or greater than

1, and exit otherwise with the current symbol

sequence S being an output sequence;

(c) set z to a minimum integer which is not smaller

JSDOCID: <EP 0999648A2J_>

thanx/y;

(d) set k to a maximum integer which is not greater

thanx/z;

(e) delete a symbol every z symbols from the sym-

s bol sequence Sj and the resultant symbol sequence

is denoted by S^;
(f) x = x - k , y = y - k , and j

= j +1 ; and

(g) go back to step (b).

io [0008] A symbol-repetition rate matching method (n

< m) is performed according to the following algorithm:

(A) j
= 0;

(B) go to step (C) when 2n is smaller than m, and go

is to step (F) otherwise;

(C) repeat all symbols of Sj one time and the result-

ant is denoted by S
J+1

;

(D) n = 2n , and j « j + 1 ;

(E) go back to step (B);

20 (F) x « n , and y « m - n ;

(G) go to step (H) when y exceeds 1 , and go to step

(M) otherwise;

(H) set z to a minimum integer which is not smaller

than x/y;

25 (I) set k to a maximum integer which is not greater

than x/z;

(J) repeat Sj every z symbols unless it has been

already repeated, and the resultant symbol

sequence is denoted by Sj+i;

30 (K) x = x-k, y = y-k,and + 1 ,

(L) go back to step (J); and

(M) when y = 1, repeat only the first symbol of Sj

and the resultant symbol sequence is denoted by

Sj+T before exit, and when y is not equal to 1, exit

35 with the current symbol sequence S being an out-

put sequence.

[0009] Fig. 15 shows concrete operations of a con-

ventional symbol-deletion rate matching method con-

40 forming to the IMT-2000 scheme. Here, it is assumed

that the number of input symbols is 1 28 (n=1 28) and the

number of output symbols is 100 (m=100).

[0010] As shown in Fig. ISA, symbol sequence SO

of n= 128 is inputted. According to the symbol-deletion

45 rate matching algorithm, the steps (a)-(e) provide

x=128, y=28, z=5
r
and k=25, resulting in a symbol

sequence S1 as shown in Fig. 15B. This symbol

sequence SI is obtained by deleting SO every five sym-

bols.

so [0011] When the steps (a)-(e) are performed for a

second time, x = x - k = 103 , y = y- k = 3,z = 35, and

k = 2 are obtained. Therefore, the symbol sequence S1

is deleted every 35 symbols, resulting in a symbol

sequence S2 as shown in Fig. 15C.

55 [0012] When the steps (a)-(e) are performed for a

third time, X = 101, y = 1, z = 101, and k = 1 are

obtained. Therefore, the symbol sequence S2 is deleted

every 101 symbols, that is, only the last symbol is
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deleted, resulting in the final symbol sequence S3 as

shown in Fig. 15D, Therefore, in this example, the input

symbol sequence of 128 symbols is converted into the

output symbol sequence of 100 symbols by three-time

symbol deletion operation.

[0013] It will be understood from the example

shown in Figs. 15A-15D that each deleting operation

(steps (a)-(e)) provides the maximum interval between

deleted symbols, resulting in optimum deletion process-

ing, but the optimum deletion processing is not always

performed between deleting operations because the

relation between the current and the previous deleting

operations is not sufficiently taken into account.

[0014] More specifically, since the interval between

deleted symbols has been maximized in the previous

deleting operation, the current deleting operation can

provide a symbol-deletion interval equal to or smaller

than that of the previous deleting operation (in most

cases, half or even less than the symbol-deletion inter-

val achieved by the previous deleting operation).

[001 5] As shown in Fig. 1 5B, the 45th symbol of the

symbol sequence S1 is deleted. Subsequently, the 43rd

symbol is deleted as shown in Fig. 15C. Similarly, the

85th and 87th symbols are deleted. In this case, the dis-

tance between deleted symbols is only two symbols.

[0016] As described above, according to the con-

ventional algorithm, symbol deletion may be performed

at a plurality of consecutive positions depending on the

relation between the numbers of input and output sym-

bols. There is a high possibility that the symbol

sequence deleted tike this causes problems when
demodulated and decoded.

[0017] Similarly, in the case of symbol-repetition

rate matching, the positions of repeated symbols may
be distributed unevenly, producing a symbol region sus-

ceptible to error and a symbol region resistant to error.

[0018] An object of the present invention is to pro-

vide a rats matching method that can achieve more reli-

able data communication.

[0019] According to the present invention, a rate

matching method produces m output symbols from n

(n*m) input symbols by a selected one of symbol dele-

tion and symbol repetition depending on a comparison

result of n and m, where n and m are an integer greater

than 0. The method comprises the step of maximizing

the smallest interval between symbols subjected to the

selected one of the symbol deletion and the symbol rep-

etition and the step of maximizing the sum total of inter-

vals of symbols subjected to the selected one of the

symbol deletion and the symbol repetition.

[0020] The interval of symbols subjected to the

selected one of the symbol deletion and the symbol rep-

etition may be one of k and k+1, where k is an integer

greater than 0.

[0021] According to the present invention, a rate

matching method for inputting a first symbol string S(k)

of n symbols and outputting a second symbol string dQ)

of m (n*m) symbols in a digital communication system,

where n and m are an integer greater than 0, k is an

integer ranging from 0 to n-1 , and j is an integer ranging

from 0 to m-1 ,
comprises the steps of: a) setting the dif-

ference (D) between n and m; b) setting Q - n/D
; c)

5 sequentially dividing the first symbol string S(k) to pro-

duce D symbol strings each consisting of either Q sym-

bols or (Q+1) symbols; d) selecting a single symbol

located at a predetermined position for each of the D
symbol strings: and e) producing the second symbol

to string dQ) by performing one of deletion and repetition of

the single symbol for each of the D symbol strings

depending on a comparison result of n and m.

[0022] The first symbol string S(k) is preferably

included in encoded symbol sequence produced with

is an error-correction code such as a convolution code.

[0023] Preferably, the second symbol string d(j) is

interleaved and then transmitted and the first symbol

string S(k) is produced by deinterleaving a received

symbol string.

20 [0024] Further preferably, the step (c) includes the

step of determining the position (R,C) of each element

of an arrangement to sequentially arrange the first sym-

bol string S(k), wherein C and R are determined as fol-

lows:

25

C = INT(kxD/n); and

R = INT(k-Cxn/D),

30 where tNT(x) is a function of obtaining an integer part of

x
[0025] As described above, according to the

present invention, the narrowest interval and the widest

interval between deleted or repeated symbols are

35 almost the same. In other words, the narrowest interval

is maximized, resulting in the maximized sum total of

intervals of deleted or repeated symbols. In addition, the

positions of deleted or repeated symbols are spread out

uniformly over the input symbol string. Therefore, relia-

40 ble and stable digital communication can be achieved.

Preferred embodiments and examples of the present

invention will be described hereinafter with reference to

the accompanying drawings, in which

45 Rg. 1 is a schematic diagram showing a digital

communication system employing a rate matching

method according to the present invention;

Rg. 2 is a flow chart showing an outline of the rate

so matching method according to the present inven-

tion;

Fig. 3 is a flowchart showing an example of a sym-

bol-deletion rate matching method according to a
55 first embodiment of the present invention;

Rg. 4 is a flowchart showing an example of a sym-

bol-repetition rate matching method according to a

JSDOCID: <EP 099964SA2_L>
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second embodiment of the present invention; [0026] It is assumed for simplicity that a digital com-

munication system is composed of a transmitter, a

Fig. 5 is a schematic diagram showing the calcula- transmission line, and a receiver. The transmitter

tion of R and C in form of table in the case where includes an encoder 101, a rate matching processor

N=128 and the difference in number between input s 102, and an interleave 103. The receiver includes a

and output symbols is 28; deinterleaver 104, a rate dematching processor 105.

and a decoder 106.

Fig. 6 is a schematic diagram showing an example [0027] in the transmitter, the encoder 101 encodes

of a symbol-deletion rate matching method from the input information to output an input symbol

N=128 to M=100 in the case of q=2; 10 sequence S to the rate matching processor 102 which

implements the rate matching method according to the

Fig. 7A is a schematic diagram showing an exam- present invention. The encoder 101 employs an error-

pie of a rate matching method for deleting the last correction coding scheme such as convolutional codes

symbol for each column (p-0); or Turbo codes, which can provide the original informa-

15 tion with redundancy to allow error correction to some

Fig. 7B is a schematic diagram showing an exam- extent when decoded at a receiving side,

pie of a rate matching method for deleting the last [0028] The rate matching processor 102 inputs the

but two symbol for each column (p=0); input symbol sequence S in units of N symbols and out-

puts an output symbol sequence D in units of Ivl sym-

Fig. 8 is a schematic diagram showing an example so bols to the interleaver 103. In other words, the rate

of a symbol-repetition rate matching method from matching processor 102 changes N symbols into M

N=1 28 to M«1 56 in the case of q=2; symbols for rate matching,

[0029] The output symbol sequence D is inter-

Fig. 9A is a schematic diagram showing an exam- leaved by the interleaver 103 and then, based on the

pie of a rate matching method for repeating the last ss interleaved symbol sequence, a transmission signal is

symbol for each column (p=0) ;
generated and output to the transmission line. If a burst

of errors occurs on the transmission line, resulting in

Fig. 9B is a schematic diagram showing an exam- deteriorated transmission signal due to the error burst,

pie of a rate matching method for repeating the last then the error-correction capability of a decoder of the

but two symbol for each column (p=0); 30 receiver is remarkably reduced. To spread out such

error bursts in time, the system employs interleaving.

Fig. 1 0 is a flowchart showing an example of a sym- More specifically, the output symbol sequence D is reor-

bol-deletion rate matching method according to a dered by the interleaver 103 and transmitted over the

third embodiment of the present invention; transmission line. Here, the interleaving is performed in

35 units of an integral multiple of M.

Fig. 1 1 is a diagram showing a program of the pro- [0030] At the receiver, after demodulation, the dein-

cedure of Fig. 1 0 using C programming language: terleaver 1 04 puts the received data in proper sequence

to output the received symbol sequence to the rate

Fig. 12 is a flowchart showing an example of a sym- dematching processor 105 according to the present

bol-deletion rate matching method according to a 40 invention. The rate dematching processor 105 inputs

fourth embodiment of the present invention; the symbol sequence in units of M symbols to output

symbol sequence in units of N symbols, in other words,

Fig. 13 is a diagram showing a program of the pro- the rate dematching processor 105 changes M symbols

cedure of Fig. 12 using C programming language; into N symbols. The output symbol sequence is

45 decoded to produce received information by the

Fig. 14A is a diagram showing an example of an decoder 106.

arrangement of input symbol sequence obtained by [0031] The rate matching method according to the

the algorithm as shown in Fig. 10; present invention is applied to the rate matching proces-

sor 102 and the rate dematching processor 105 in Fig.

Fig. 14B is a diagram showing an example of an so 1. According to the present invention, as described

arrangement of input symbol sequence obtained by later, the positions of deleted/repeated symbols are

the algorithm as shown in Fig. 12: and spread out uniformly. Therefore, a combination of the

interleaving and the rate matching allows more reliable

Figs. 15A-15D are diagrams showing a concrete data communication.

sequence of operations of a conventional symbol- ss [0032] Referring to Fig. 2, as shown by step S201

,

deletion rate matching method conforming to the input-symbol string S of N symbols is denoted by S =

IMT-2000 scheme. {S(0), S(1), • • •
,
S(N-1)} and output symbol string D of

M symbols is denoted by D = {d(0), d(1), • • *
,
d(M-1)}.

4

4SDOCID: <EP 0999648A2J_>
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Hereinafter, the case where the rate matching is per-

formed from N to M will be described.

[0033] First, the input symbol count N is compared

to the output symbol count M (steps S202 and S203). If

they are identical (YES in step S202), then the output

symbol string is copied from the input symbol string as

it is because the rate matching is not needed (step

S204).

[0034] If N > M (YES in step S203), then it is neces-

sary to delete (N-M) symbols from the input symbol

string and therefore symbol-deletion rate matching is

performed (step S205). Contrarily, if N < M (NO in step

S203), then it is necessary to add (M-N) symbols to the

input symbol string and therefore symbol-repetition rate

matching is performed (step S206).

SYMBOL-DELETION RATE MATCHING (1)

[0035] Referring to Fig. 3, (N-M) symbols are

deleted from the input symbol string as described here-

inafter.

[0036] First, Y is set to N-M and Q is set to the inte-

ger part of N/Y, which is denoted by^ INT(N/Y) (step

5301) . Subsequently, q is set to a selected one of {0, 1,

2, • • •
, Q-1} according to a predetermined way (step

5302) . For example, q may be fixed to 0. Thereafter, K
and J are initialized to 0, where K is an index of the input

symbol string and J is an index of the output symbol

string (step S303).

[0037] Next, C is set to INT( KxY/N ) and R is set to

INT( K-Cx< N/Y ) (steps S304 and S305), where C and R
may denote columns and rows of an arrangement

accommodating the input symbols. Subsequently, R is

compared to q (step S306). If R is not identical to q (NO
in step S306), then an input symbol S(K) is copied to an

output symbol d(J) and then J is incremented (step

S307) before K is incremented (step S308). If R = q
(YES in step S306), then K is incremented without per-

forming the step S307 (step S308). Thereafter, K is

compared to N (step S309) and, if K=N , then this rou-

tine is ended. If K is not identical to N (NO in step S309),

control goes back to the step S304. The processing of

the steps S304 through S309 is repeatedly performed

until K has reached N.

SYMBOL-REPETITION RATE MATCHING (1)

[0038] Referring to Fig. 4, (M-N) symbols are added

to the input symbol sequence as described hereinafter.

[0039] First, P is set to the integer part of M/N,

which is denoted by INT(M/N) (step S401). Subse-

quently, all symbols of the input symbol string S are

repeated P times and the resultant symbol string is

denoted by S (step S402). For example, in the case of

P=2, each symbol of the input symbol string {S(0), S(1).

• • •
, S(N-1)} is repeated twice to produce a new sym-

bol string (S(0), S(0), S(1), S(1), • • •
,
S(N-1), S(N-1)},

which is called an input symbol sequence S.

[0040] Subsequently, N is set to PxN, Y is set to M-

N, and Q is set to INT(N/Y) (step S403). Thereafter, q is

set to a selected one of {0. 1, 2, • * •
, Q-1) according

to a predetermined way (step S404). For example, q

5 may be fixed to 0. Then, K and J are initialized to 0,

where K is an index of the input symbol string and J is

an index of the output symbol string (step S405).

[0041 ] Next, C is set to INT( KxY/N ) and R is set to

INT(K-Cx N/Y ) (steps S406 and S407), and then an

10 input symbol S(K) is copied to an output symbol d(J)

and then J is incremented (step S408). Subsequently, R
is compared to q (step S409) and, if R is identical to q
(YES in step S409), then the input symbol S(K) is fur-

ther copied to the output symbol d(J) and then J is incre-

is merited (step S410) before K is incremented (step

S41 1). If R is not identical to q (NO in step S409), then

K is incremented without performing the step S410

(step S41 1). Thereafter, Kis compared to N (step S412)

and, if K = N , then this routine is ended. If K is not iden-

20 tical to N (NO in step S412), control goes back to the

step S406. The processing of the steps S406 through

S412 is repeatedly performed until K has reached N.

EXAMPLES (1)

25

[0042] The following examples are obtained by

actually performing the symbol-deletion rate matching

and the symbol-repetition rate matching.

30 Arrangement obtained bv R and C

[0043] As shown in Fig. 5, in the case of N=1 28 and

|N-M|=28 , R and C correspond to a row and a column

\ of an arrangement, respectively. The 128 input symbols

35 {1, 2, 3, • • 127, 128} are sequentially arranged in

order of (C.R) = (0,0), (0,1), (0,2), (0.3). (0,4), (1,0),

(1,1), (1,2), • • •. (27,0). (27, 1), (27,2), (27,3), (27.4),

where R and C are calculated as described above.

40 Example 1-1 (symbol deletiort

[0044] Referring to Fig. 6, in the case of q=2, N=1 28

and M=100, the step S307 is performed when R is not

identical to 2 and, only when R=2, the step S307 is

45 skipped. In other words, as shown in Fig. 6, the 28 sym-

bols included in the row of R=2 are not copied, resulting

in the output symbol string D = {1, 2, 4, 5, 6, 7, 9, 10, 11,

12, 14, 15, • • •
, 125, 126, 128J. The symbols of any

row can be deleted by selecting the corresponding

so value of q.

Example 1-2 (symbol deletion^

[0045] Another way may be used to delete N-M
55 symbols. The same advantage can be obtained by

determining the distance of a symbol from the bottom

symbol for each column. More specifically, the distance

(p) of a symbol from the bottom symbol is selected from

5

4SDOCID: <EP 0999848A2_L>
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{0, 1, 2, 3). Thereafter, by comparing Ft and p for each

C, it is determined whether the corresponding symbol

should be copied, in other words, the step S307 of Fig.

3 should be skipped.

[0046] Referring to Fig. 7A, in the case of p = 0, the

respective last symbols of the columns {5. 10, 14, 19,

23. 28, ••• .115, 119, 124, 128} are deleted from the

input symbol string S.

[0047] Referring to Fig. 7B t
in the case of p = 2, the

respective last-but-two symbols of the columns {3, 8,

12, 17, 21, 26, • • •, 113, 117, 122, 126} are deleted

from the input symbol string S.

[0048] As described above, according to the

present embodiment, the narrowest interval and the

widest interval between deleted symbols are almost the

same. Precisely, the narrowest interval is shorter than

the widest interval by only one symbol. As shown in

Figs. 6 and 7, the narrowest interval is 4 symbols and

the widest interval is 5 8yrrd9bfe^n
:

^erwrd6 l the nar-

rowest interval is maximized, resulting in the maximized

sum total of intervals of deleted symbols. In addition, the

positions of deleted symbols are spread out uniformly

over the input symbol string.

Fvample 1-3 (symbol repetition^

[0049] Referring to Fig. 8, in the case of q=2, N= 128

and M=156, the step S410 is performed only when R is

identical to 2 and, when R is not identical to 2, the step

S410 is skipped. In other words, as shown in Fig. 8, only

the 28 symbols included in the row of R=2 are copied,

resulting in the output symbol string D = {1 , 2, 3,-5, 4. 5,

6. 7, 8, B. 9, 10, 11, 12, 13, 13, 14, 15, • • •
, 125, 126,

127, 12Zp 128}. The symbols of any row can be

repeated by selecting the corresponding value of q.

Example 1-4 (symbol repetition)

[0050] Another way may be used to repeat N-M

symbols. The same advantage can be obtained by

determining the distance of a symbol from the bottom

symbol for each column. More specifically, the distance

(p) of a symbol from the bottom symbol is selected from

{0, 1 , 2, 3}. Thereafter, by comparing R and p for each

C, it is determined whether the corresponding symbol

should be copied twice, in other words, the step S41 0 of

Fig. 4 should be performed.

[0051] Referring to Fig. 9A, in the case of p - 0, the

respective last symbols of the columns {5, 10, 14, 19,

23, 28, • • • ,115, 119, 124, 128} are repeated.

[0052] Referring to Fig. 9B,.in the case of p = 2, the

respective last-but-two symbols of the columns {3, 8,

12, 17, 21, 26, • * 113, 117, 122 t 126} are repeated.

[0053] As described above, according to the

present embodiment, the narrowest interval and the

widest interval between deleted symbols are almost the

same. Precisely, the narrowest interval is shorter than

the widest interval by only one symbol. As shown in

Figs. 8 and 9, the narrowest interval is 4 symbols and

the widest interval is 5 symbols. In other words, the nar-

rowest interval is maximized, resulting in the maximized

sum total of intervals of deleted symbols. In addition, the

5 positions of repeated symbols are spread out uniformly

over the input symbol string.

SYMBOL-DELETION RATE MATCHING (2)

w [0054] Referring to Fig. 10, X is an input symbol

string, Y is an output symbol string, Nx is the number of

input symbols, and Ny is the number of output symbols.

Hereinafter, the case where the symbol-deletion rate

matching from Nx to Ny is performed will be described.

is [0055] First, a variable j is initialized to 0, variables

n and y are initialized to Ny, and D is set to Nx-Ny (step

S501). After initializing a variable i to 0 (step S502), it is

determined whether the variable i is smaller than Ny

(stepS503).

so [0056] If the variable i is smaller than Ny (YES in

step S503), then it is further determined whether y is not

greater than 0 (step S504). If y is equal to or smaller

than 0 (YES in step S504), then j is incremented by one,

n is decremented by one (step S505), and then y is set

25 to the decremented n (step S506) before y is set to y-D

(step S507). If y > 0 (NO in step S504), then y is set to

y-D (step S507) without performing the steps S505 and

S506. The increment of j In the step S505 provides sym-

bol deletion.

30 [0057] Subsequently, an input symbol X(j) is copied

to an output symbol Y(i) (step S508) and thereafter j and

i are incremented by one (steps S509 and 510) and

then control goes back to the step S503. Hie process-

ing of the steps S503 through S510 is repeatedly per-

35 formed until the variable i has reached Ny.

[0058] Fig. 11 shows a program described with C

language, corresponding to the procedure of Fig. 10. It

should be noted that X is a pointer for the input symbol

string and Y is a pointer for the output symbol string.

40

SYMBOL-REPETITION RATE MATCHING (2)

[0059] Referring to Fig. 12, X is an input symbol

string, Y is an output symbol string, Nx is the number of

45 input symbols, and Ny is the number of output symbols.

Hereinafter, the case where the symbol-repetition rate

matching from Ny to Nx is performed will be described.

[0060] First, a variable j is initialized to 0. variables

n and x are initialized to Nx, and D is set to Ny-Nx (step

so S601). After initializing a variable i to 0 (step S602), it is

determined whether the variable i is smaller than Ny

(step S603).

[0061] rf the variable i is smaller than Ny (YES in

step S603), then it is further determined whether x is not

55 greater than 0 (step S604). If x is equal to or smaller

than 0 (YES in step S604), then j and n are both decre-

mented by one (step S605) and then x is set to the dec-

remented n (step S606) before an input symbol X(j) is

6
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copied to an output symbol Y(i) (step S608). if x > 0 (NO
in step S604), then x is set to x-D (step S607) before an

input symbol X(j) is copied to an output symbol Y(i)

(step S608) without performing the steps S605 and

S606. The decrement of j in the step S605 provides

symbol repetition.

[0062] After an input symbol X(j) is copied to an out-

put symbol Y(i) (step S608), j and i are incremented by

one (steps S609 and S610) and then control goes back

to the step S603. The processing of the steps S603
through S610 is repeatedly performed until the variable

i has reached Ny.

[0063] Fig. 13 shows a program described with C
language, corresponding to the procedure of Fig. 12. It

should be noted that X is a pointer for the input symbol

string and Y is a pointer for the output symbol string.

EXAMPLES (2)

[0064] The following examples are obtained by

actually performing the symbol-deletion rate matching

of Fig. 10 and the symbol-repetition rate matching of

Fig. 12.

[0065] Fig. 14A shows the rate matching from the

input symbol string SO of 128 symbols to the output

symbol string of 100 symbols, wherein the input symbol

string SO is {1 , 2, 3 128}. In order to explain the oper-

ation of this embodiment, it is convenient to consider

that the input symbol string is arranged in an arrange-

ment of 28 (=1 28-1 00) columns x 5 or 4 rows. According

to the present embodiment, 28 symbols are deleted by

deleting the last symbol for each column, resulting in the

output symbol string S1 of 100 symbols. In this case,

the minimum interval between deleted symbols is 4,

which is greater than that of the prior art as shown in

Fig. 1 5. It is apparent that the same effect is obtained by

deleting any row (for example, the first row: 1,6,11

125) in Fig. 14A.

[0066] Fig. 14B shows the rate matching from the

input symbol string SO of 128 symbols to the output

symbol string of 156 symbols, wherein the input symbol

string SO is {1, 2, 3 128} as shown in Fig. 14A. In

order to explain the operation of this embodiment, it is

convenient to consider that the input symbol string is

arranged in an arrangement of 28 (=128-100) columns

x 5 or 4 rows. According to the present embodiment, 28

symbols are added to the input symbol string by repeat-

ing the last symbol for each column, resulting in the out-

put symbol string S1 of 156 symbols. In this case, the

minimum interval between repeated symbols is 4. It is

apparent that the same effect is obtained by repeating

any row (for example, the first row: 1 1 6, 1 1 .... , 125) in

Fig. 14B.

[0067] In the above embodiment, the case where

twice the number of input symbols is greater than the

number of output symbols is described. In the case

where twice the number of input symbols is smaller than

the number of output symbols, all the symbols of the

input symbol string are repeated once as in the conven-

tional case, and then the resultant symbol string is

treated as an input symbol string of the present embod-
iment. In this manner, the present invention can be

s applied to any case.

Claims

1. A rats matching method for producing m output

io symbols from n (n*m) input symbols by a selected

one of symbol deletion and symbol repetition

depending on a comparison result of n and m,

where n and m are integers greater than 0, charac-

terized by the steps of:

75

maximizing the smallest interval between sym-

bols subjected to the selected one of the sym-

bol deletion and the symbol repetition; and

maximizing the sum total of intervals of sym-

20 bols subjected to the selected one of the sym-

bol deletion and the symbol repetition.

2. The rate matching method according to claim 1,

wherein the interval of symbols subjected to the

25 selected one of the symbol deletion and symbol

repetition is one of k and k+1 , where k is an integer

greater than 0.

30

3. A rate matching method for inputting a first symbol

string S(k) of n symbols and outputting a second

symbol string dQ) of m (iwn) symbols in a digital

communication system, where n and m are integers

greater than 0, k is an integer ranging from 0 to n-1

,

and j is an integer ranging from 0 to m-1 , character-

35 ized by the steps of:

a) setting the difference (D) between n and m;

b) setting Q = n/D
;

c) sequentially dividing the first symbol string

S(k) to produce D symbol strings each consist-

ing of either Q symbols or (Q+1) symbols;

d) selecting a single symbol located at a prede-

termined position for each of the D symbol

strings; and

e) producing the second symbol string dQ) by

performing one Of deletion and repetition of the

single symbol for each of the D symbol strings

depending on a comparison result of n and m.

40

45

50 4.

55 5.

The rate matching method according to claim 3,

wherein the first symbol string S(k) is included in an

encoded symbol sequence produced with an error-

correction code.

The rate matching method according to claim 4,

wherein the error-correction code is a convolution

code.

7
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6. The rate matching method according to any one of

claims 3-5, wherein the second symbol string dQ) is

interleaved and then transmitted.

7. The rate matching method according to any of one

claims 3-5, wherein the first symbol string S(k) is

produced by deinterieaving a received symbol

string, which has been interleaved at a transmis-

sion station.

8. The rate matching method according to claim 3,

wherein step (c) includes the step of:

determining a position (R,C) of each element of

an arrangement to sequentially arrange the

first symbol string S(k), wherein C and R are

determined as follows:

C = INT(kxD/n);and

R = INT(k-Cxn/D),

where INT(x) is a function for obtaining an inte-

ger part of x.

9. The rate matching method according to claim 3,

wherein, in the step (d), the single symbol is

selected by comparing R and a value representing

the predetermined position.

10. The rate matching method according to claim 3,

wherein, in step (d), the predetermined position

indicates a last symbol for each of the D symbol

strings.

11. The rate matching method according to claim 3,

wherein, in step (d), the predetermined position

indicates a symbol at a predetermined distance

from a hefad symbol for each of the D symbol

strings.

12. The rate matching method according to claim 3,

wherein, in step (d), the predetermined position

indicates a symbol at a predetermined distance

from a last symbol for each of the D symbol strings.

13. A digital communication system for transmitting dig-

ital information from a transmitter to a receiver

through a transmission line, characterized in that

the transmitter comprises:

an encoder (101) for encoding transmis-

sion information with an error-correction

code to produce a first symbol sequence

including a first symbol string of n symbols;

and

a rate matching processor (102) for pro-

JSDOC1D: <EP 0999648A2J_>

ducing a second symbol sequence includ-

ing a second symbol string of m (rwn)

symbols from the first symbol sequence,

wherein the rate matching processor sets

5 the difference (D) between n and m, sets

Q « n/D ,
sequentially divides the first

symbol string to produce D symbol strings

each consisting of either Q symbols or

(Q+1) symbols, selects a single symbol

10 located at a predetermined position for

each of the D symbol strings, and produc-

ing the second symbol string by performing

one of deletion and repetition of the single

symbol for each of the D symbol strings

1S depending on a comparison result of n and

m, and that

the receiver comprises:

so a rate dematching processor (105) for

inputting a third 6ymbol sequence includ-

ing a third symbol string of m symbols

received from the transmitter and produc-

ing a fourth symbol sequence including a

25 fourth symbol string of n symbols, wherein

the rate dematching processor sequen-

tially divides the third symbol string to pro-

duce D symbol strings each consisting of

either Q symbols or (Q+1) symbols,

so selects a single symbol located at a prede-

termined position for each of the D symbol

strings, and producing the fourth symbol

string by performing one of deletion and

repetition of the single symbol for each of

35 the D symbol strings depending on a com-

parison result of n and m; and

a decoder (106) for deooding the fourth

symbol sequence with the error-correction

code to reproduce original information.

40

14. The digital communication system according to

daim 13, wherein:

the transmitter further comprises an interleaver

45 (103) for interleaving the second symbol

sequence to produce a transmission symbol

sequence, and

the receiver further comprises a deinterleaver

(104) for deinterieaving a received symbol

so sequence to produce the third symbol

sequence.

15. A medium storing a rate matching program for

inputting a first symbol string S(k) of n symbols and

55 outplifting a second symbol string d(j) of m (n*m)

symbols in a digital communication system, where

n and m are an integer greater than 0, k is an inte-

ger ranging from 0 to n-1 , and j is an integer ranging
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from 0 to m-1 , the program comprising the steps of:

a) setting a difference (D) between n and m;

b) setting Q = rt/D ;
s

c) sequentially dividing the first symbol string

S(k) to produce D symbol strings each consist-

ing of either Q symbols or (Q+1) symbols;

d) selecting a single symbol located at a prede-

termined position for each of the D symbol

strings; and

e) producing the second symbol string d(j) by

performing one of deletion and repetition of the

single symbol for each of the D symbol strings

depending on a comparison result of n and m.

20

25

30

35

40

45

SO

10

15
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FIG. 2
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FIG. 3
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FIG. 4
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FIG. 10

C SYMBOL-DELETION RATE MATCHING
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STRING
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FIG. 11

int *puncture(Nx,Ny,X,Y)

int Nx.Ny,*X,*Y

;

{

int i.j.y.n.D

;

n=y=Ny

;

D=Nx-Ny ; / 'number of bits to be punctured"/

;

for 0=0 ; KNy ; {

rf(y<==0) {

j++;/*skip reading of data to be punctured*/;

n-;

y=n;

>

y-=D

;

Y[?]=xfj];

}

return(Y)

;

}

20
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FIG. 12

C SYMBOL-REPETITION RATE MATCHING

n=x=Nx
D=Ny-Nx

"^S601

-^S602i=0
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FIG. 13

int *repetition(Nx,Ny,X.Y)

int Nx,Ny.*Xr
*Y

;

{

int Ij.x.n.D

;

i=o-

n=x=Nx

;

D=Nx-Ny ; / *number of repetition bits 7

;

for (NO ; i<Ny ; {

ff(x<=0){

j-;/*repeat data*/;

n-;

x=n

;

} else {

x- =D

;

}

Y[i]=*[j]

;

>

retum(Y)

;

}
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(54) Data rate matching method

(57) A rate matching method allowing reliable digital

communication is disclosed. After setting D = In - ml

and Q = n/D , the input symbol string is sequentially

divided to produce D symbol strings each consisting of

either Q symbols or (Q+1 ) symbols so as to arrange the

input symbols in an arrangement of columns (C) and
rows (R). Then, after selecting a single symbol located

at a predetermined position for each of the D symbol

strings, the output symbol string is produced by deleting

the single symbol for each of the D symbol strings when
n > m or repeating the single symbol for each of the D
symbol strings when n < m.
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